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EFFECTOFSTRESS-SOLVENTCRAZINGONTENSILE

STRENGTHOFPOLIMETHYLME7THACRYLATE

ByB.M.“Mod andMarthaA. Sherman

SIJNMARY

Thelossofstrengthoftensilespecimens
resultof stress-solventcrazingat 230 C

ofpolymethylmethacrylateI
andSo-percentrelative

humiditywasinvestigated.Thematerialstestedwerecommercialcast
poly-methyl-methacrylatesheetsofbothheat-resistantandordinarygrades
fromeachoftwomanufacturers.,Mostofthetestsweremadeonsamples
0.1Sinchthickandcoveredwithmaskitigpaperononesideonly.The
tensilespecimenswerearttiiciallycrazedby applyingbenzenetothe
centralportionofthereducedsectionwhileunderstressandwere
subsequentlybroken.Specimensforcontrolsweretreatedidentically
exceptnobenzenewasapplied.Photographsweretakenofthecrazed
specimensbeforetheyweretested.Amongthefactorsstudiedwerethe
sheet-to-sheetvariabilityofcrazedandcontrolspechens,theeffect
ofthemaskingpaperonthecrazing,andtierelativeeffectofa few
largecrazingcrackscomparedwithmorenumerousfinercracks.

Someoftheresultsandtentativeconclusionswereasfollows.The
maskingpaperhadno consistenteffectonthelossofstrengthresulttig
fromcrazing.Theprincipalcrazingtreatmentemployed,whichproduced
abouttwocrackspersquaremillme“ terwitha cracklengthanddepthof
roughly1 and0.1Smillimeter,respectively,causeda lossofstrength
ofapproximately30 percentinallmaterials.Thecrazedspecimenswere
morevariablethanthecontrols,thecoefficientsofvariationfor
tensilestrengthbeingabout15 andSpercent,respectively,forall
samples.Inaddition,althoughthecrazingtreatmentwasdoneina
controlledmanner,therewasa significantdailyvariationin treatment
thatcontributedanadditional15 percenttothecoefficientofvariation
forthecrazedspecimens.Itwasnotfoundpossibletopredictthe
tensilestrengthofa crazedspecimenfrmnitsappearance.Accordingly,
itis suggestedthataircraftenclosureswithcrazingof the&pe
describedinthisworkshouldbe removedif,in service,tensilestress
occursnormaltothecrazingcracks.

Q
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0
INTRODUCTION

Thelossof strengthofpolymethylmethacrylateasa resultof
crazingisa proper~ofconsiderableimportancetotheaircraft
industry.Informationonthissubject,however,isquitemeager(refer-
ences1 and2). As a resultofflexuralfatiguetestsby theRohmKHaas
Compang(reference2) onspecimenstakenfrompartiallycrazedIIC~air-
planewindows,someoftheconclusionswere: Crazingperpendicularto
theflexurestressreducestheflexuralfatiguestrengthofthematerial
andmayreducetheflexuralstrengthapprcdmately35percent,and
Itcrazingorientedotherthanperpendiculartoflexurestresshasvery
littleinfluenceontheflexuralfatiguestrengthof thematerial.”It
wasrecommendedin reference2 that“crazedDC-6windowsshouldnotbe
usedunderconditionsthatproduceoutwsxdpressuredeflectionofthe
outerpanel.”

Theexperimentsthataredescribedin thisreportweremadeto gain
moreinformationonthesubjectoflossof strengthasa resultof
crazing.Theexperimentsweremadeontensilespecimensthatwere
artificiallycrazedandthentestedforstrength.Thefactorsexamined
includedsamplesfromdifferentsources,effectofmaskingpaper,sheet-
to-sheetvariabili~,andtypeof crazing.Thisinvestigationwas
conductedattheNationalEureauofStandardsunderthesponsorshipand
withthefinancialassistanceoftheNationalAdvisoryCommitteefor
Aeronautics.

J

ThecourtesyofE. I.duPentdeNemours& CompanyandtheResinous
ProductsDivisionoftheRohm& HaasCompanyh furnishingmaterialfor
useinthisinvestigationisgratefullyacknowledged.Theassistanceof
MissMaryJoWatsoninperformingsomeoftheearlyexperimentsandof
Mr.JohnMandel,whomadethestatisticalanalysis,isappreciated.

MATERIALS

Thematerialswerecommercialcast,polwethyl-methacrylatesheets
ofbothheat-resistantandordinarygradesandwereapproximately0.12
to 0.1Sinchinthickness.Thesesamplesconsistedof sheetsmaskedon
bothsideswiththeusualadhesive-coatedmaskingpaperandsheets
maskedononesideonlyas isdoneforsheetsusedtomakelaminated
acrylicglazing.Thelattersamples,maskedononesideonly,consisted
ofonesheetfromeachofthreeproductionrunsandaresubsequently
referredto asthe“representativesamples.”A descriptionofthe
samplesisgivenintableI.

.

Q
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TESTPRCCEDURE

IEcploratoryTests

SamplesIda,L2ajPl,andP2,whichincludedboththeregularand
heat-resistantgradesofLuciteandPlexiglasjwereusedforthesetests.

Thecrazingandtestingprocedurewasasfollows:Standardtensile
spechens(Federal.SpecificationL-P-4C6ajMethod10D, TypeI)were
machinedfromsheetsofthefoursamples.A specimenwasstress-solvent
crazedby strokingthecentral1/4-by 2-inchportionofonefaceofthe
specimenwitha No.1 camellshairbrushwetwithbenzene;thiswasdone
witha constanttensileloadof2500or3000psimaintainedfor5min-
utes. Solventwasnotappliedtothefullwidthofthespecimenas
enhancedcrazingwouldresultattheedgesbecauseofpenetrationfrom
twosidesandresidualstressescausedbymachining.As thedegreeof
crazingdependedontheamountofbenzeneapplied,itwasattemptedto
applythesameamountofbenezenetoallspecimens.Thiswasdoneas .
follows: Thebrushwasaswetaspossiblewithoutdrippingandthe
strokeswererepeatedat3- to 5-secondintervalswiththebrushwet
beforeeachstroke.

Controlspecimensweresubjectedtothesameloadingconditions.
AllspecimenswereconditionedZ hoursat25°C and5Q-percentrelative
humidityandweretestedin theconditioningatmosphere.Priorto
testingthecrazedspecimens,measurementsoftheaveragecracklength
anddepthandof thecrackdensityweremadein orderto spectiythe
degreeandcharacterofthecrazing.Inaddition,photographsweremade
of somesetsof spectiens.Theaveragecracklengthanddepthwere
obtainedin thefollowingmanner.A 20-powerBrinellmicroscopewas
usedtomeasurethecracklengthsandthecrackdepths.On eachspecimen
thelengthsofsomeselectedcracksweremeasuredandtheaveragevalue
noted.Tomeasurethecrackdepth,thespecimenwasviewedagainsta
uniformwhitebackgroundandat anangleofabout4$0tothelengthwise
direction.Thecrazingcracks,whichappearedas shadedareas,were
assumedtobenormaltothesurfaceofthespecimen.Thecrackdepth
wasthencalculatedfromtheapparentdepthtakingaccountofthe
foreshorteningresultingfromthehigherrefractiveindexofthepoly-
methylmethac~late.Thecracksina smallselectedareaweremeasured
andtheaveragedepthvaluenoted.Theaveragevaluesobtainedonthe
specimensrangedfromaboutO.Sm”llfmeterto1.5millimetersforthe
lengthandfrom0.1to 0.2millimeterforthedepth.Thecrackdensity,
estimatedoneachspecimenfroma countina selectedarea,rangedfrom
about10 to 220crackspersquarecentimeter.

TheresultsofthetensfletestsaregivenintableII. Theeffect
ofthecrazingisto reducethetensilestrengthabout30 to SOpercent.

o

—. --- . ..-—.—— ———- _ ——



4 NACATN 2444

Althoughitwasattemptedto crazethespecimensin a controlledmanner,
o

thecrazedspecimensfora givensampleweremuchmorevariablethanthe
controls.Thecoefficientof&ariationoftensilestrengthwas7
to30percentforthevarioussetsof crazedspectienscomparedwith1
to 2 percentforthisquantityforthecontrols.Someoftievariabili~
in thecrazedspecimenswasassociatedwithcrazingdHferentgroupson
~ferent days,althoud b the == of s=@e p2 the~ghestand10west
strengthswereobservedin a groupof threespecimensfromonesheet
crazedonthesameday.

.
A correlationbetweenseverimofcrazingand10SSofstrengthwas

soughtasfollows:Thetensilestrengthsoftheindividualspecimensof
a setwererankedanddensityofcracks~averagecrackle%th~and
averagecrackdepthforeachspecimentabulated.Byinspectionofthe
dataitwasfoundthatnoneofthesequantitiescorrelated’closelywith
tensilestrength.Next,fromphotographsofeachsetofcrazed
specimens,thetensilestren@hr-g tobe ~ected ontiebasisOf
thedegreeofcrazingwasestimatedandtheestimatescomparedwiththe
actualresults.Inmostcasesthetensilestrengthranldngcouldnotbe
judgedfromthephotograph.Itwasdecidedtoindicatethecrazingin
subsequenttestsofthistypeby ohlyphotographingthespecimens..

fianattempttoobtainuniformlycrazedspecimens,a fewexperi-
mentsweremadeontensilespec~ns that.hadbeenexposedwithoutstress
tobenzenevaporforvaryingperiods.b thefirsttest,afterexposure
for16hoursthespecimenwasheavilycrazedandtheedgesswollen.
Subsequently,specimenswhoseedgeswereprotectedwithmetalfoil
adheredwithsiliconegreasewereexpcisedforperiodsof4 to7 hours.
Itwasfoundthatthesiliconegreasedidnotprotecttheedgesade-
quately;whenthesespecimensweresubjectedtoloadsofabout3000
to SmO psino crazingoccurredwceptattheedges.Itwasdecidedto
abandonthismethodofproducingcrazedspecimens.

lEcperimentsonRepresentativeSamples

Taperedtensilespecimensoftherepresentativesampleswerestress-
solventcrazedwithbenzeneappliedwitha finebrush.Fromthese
specimensitappearedthatsli@t,aPPro*t~ eq~~ent craz~g
wouldoccuratstressesof2000,2400,3000,and3000psiforLucite
HC201,PlexiglasTgpeI-A,LuciteHC202,andPl@glas IIjrespectively.
Thesestresseswereusedinpreparingstress-solvent-crazedstandard
tensilespecimensofthesesamples;thecrazingwasproducedby applying
benzenewitha No.1 camellshairbrushtothe1/4-by 2-inchcentral
portionofthepreviouslymaskedfaceoftheSpecwn. A controlled
amountofbenzene,0.03to0.04gram,wasputonthebrushfroma
markedglassdropper.Thespecimenwasthenstrokedwiththebrush
untilthelatterwasdry. Thespecimenswerebroken1 dayafterbeing
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crazed;a testtigspeedof 0.25inchperminute
previously,controlspecimensweresubjectedto

5

wasused.As wasdone
thesameloading

conditions;OnespecimenfromeachhaM ofeachsheetwastested.On
thecontrolspecimenstheloadatwhichstresscrazingbeganwasnoted.
Thiswasdoneinconnectionwithanotherphaseoftheinvestigation.

Theobservationofthethresholdofstresscrazingin the’control
specimenswasfoundto be difficultintestingata relativerateof
headmotionof 0.25inchperminute.Accordingly,itwasdecidedtouse
a speedof0.0Sinchperminuteforbothcrazedandcontrolspecimens
in subsequenttests.

A secondseriesoftestswasplannedwiththerepresentative
samples.Thevariablesincludedh thisseriesinadditiontothose
previouslystudiedwere(a)crazingonthemaskedfaceagainstcrazing
ontheunmaskedfaceand(b)coarseagainstfinecraztig.

Withregardtovariable(b),thepurposeoftheseexperimentswas
to seewhethera fewlargecrazingcrackswouldcausegreaterlossin
strengththana largenumberoffinecracks.Thecoarsecrazingwas
producedby applyinga largeramountofbenzeneanda smallerstress
thanwereusedtocreatethefinecrazing.As before,a completeset
of specimensforcrazingina givenmannerandona givenfaceincluded
onespecimenfrom“eachhaJfof eachsheet.Twocontrolsetsof speci-
mensweretested,preloaded,respectively,atthetwostressesusedfor
crazing.

In studyingvariable(a),initiallyitwasbelievedthatthecrazing
treatmentwassufficientlyuniformsothatday-to-dayvariationswould
beunimportantandexperimentsonmaskedandunmaskedsetsofspecimens
weremadeon&fferentdays.As theexperimentsprogresseditwasfound
necessarytomakea comparisonofthemaskedandunmaskedsurfacesofthe
acrylicsheetonthesameday. Accordingly,a testwasmadeinwhich
adjacentspecimensfroma givensheetofmaterialweresolvent-crazedin
succession,oneon theunmasked,theotherontheinitiallymaskedface.

Allofthesetestsontherepresentativesamplesweremadeafter
thespecimenshadbeenconditionedatleast3 weeksat 230C and
S&percentrelativehumidity.Themaskingpaperwasremovedatleast
7 dayspriortothetest.

RESULTSANDDISCUSSION

Theresultsofthetensiletestsonthecrazedanduncrazed
specimensof therepresentativesamplesareshownintablesIIIandIV.
Theappearanceofsomeofthecrazedspecimenspriorto testingis shown
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. .
in figures1 through5. Inthesephotographsthetensilestrengthof
eachspectienisindicated,aswellasthehalfsheetfromwhichthe
specimenwastaken.

Thecoefficientofvariationwasnotreportedforeachstrength
valueh tablesIIIandIVbecausesuchstatistics,basedononlysix
observations,aresubjecttowidevariabifiti.ThePrecisionofthe
dataandotherstatisticalpointsarediscussedin detail3nthenext
sectionofthereport.

Thestatisticalanalysisshowed.&atforthetests(tableIV,
groupsI andII)inwhichtherelativeeffectsontensilestrengthof
a fewcoarsecracksandmarrgfinercrackswerecomparedno signHicant
&lfferencein strengthresulted.Figure1 showstheappearanceof
specimensof sampleL2dcrazedonthemaskedfaceby thetwotreatments.
Inthisexpertientthetwotreatmentshappenedtobe selectedsothat
theyproducedessentiallythesamelossin strength.Ifthestressor
amountofbenzenehadbeendifferentin eithertreatment,a different
resultprobablywouldhaveoccurred;forexample,M stillfinercracks
hadbeenproducedby treatmentII,thelossinstrengthprobablywould
havebeendecreased.

Theeffectofthemasldngpaperonthelossof strengthofstress-
solvent-crazedspecimenswasdemonstratedbestby thetests(groupIII,
tableIV)inwhichadjacentspecimenswerecrazedin succession,oneon
theunmasked,theotheronthehitiallymaskedface. Thestatistical
analysisindicatedno consistenteffectofthemaskingpaperonthe
strengthofthecrazedspecimens.Thespecimensforthisexpertient
areshowninfigures2 through5. ForsampleLld(fig.2),itappears
thatthecrazingtreatmentcausedfewercracksonthemaskedthanonthe
unmaskedside;however,foreachhalfsheet,thestrengthofthespecimen
crazedonthemaskedsidewasontheaveragethesameas thatforthe
unmaskedspecimen.Similarly,itappearsthatononeortwosheetsof
othersamples(figs.3 andb) thecrazingtreatmentcausedfewercracks
onthemaskedthanontheunmaskedfaces.

An examinationofthetensilestrengthvaluesonthephotographs
indicatesthatthetensilestrengthisnoteasilypredictedfromthe
appearanceofthecrazedspecimen.Thisisinagreementtiththe
observationmaderegardingtheexploratorytests.Thisunpredictabili~
andthegreatervariabilityin strengthofthecrazedspecimensare
perhapsrelatedandmaybe explainedasfollows:Thestren@hofa
specimenofa materialisa flaw=dependentproperty.Hence,thecreation
ofa largenumberof,relativelylargeflawsinthespectienby crazing
mightbe expectedtoremiltina lossin strengthofa widelyvarying
amount●

——
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Thelossin strendh(tableIV)producedbythetreatmentsI andII
wasroughly30percentforalLmaterials.Itshouldbe notedthatto
producethislossin strength,a higherstresswasusedincrazingthe
heat-resistant-gradeas comparedwiththeordinary-gradematerial.This
isinagreementwiththewel.1-lmownfactthatthethresholdstressfor
solventcrazingishigherfortheheat-resistantthanfortheordinary-
gradecastmaterial.

I S@ce itwasnotfoundpossibletopredictthetensilestrengthof
a crazedspecimenfromitsappearance,it seemsthatan acrylicaircraft
enclosurethathascrazingsimilartothatproducedinthe~eriments
describedhereinshouldbereplacedM, in service,tensilestresses
normaltothecrazingcracksexist.

STATISTICALANALYSISOFRESULTS

ControlSpecimens

As a preliminarytoanalyzingthedataonthesolvent-crazed
specimens,thedataonthecontrolspecimensintablesIIIandIVwere
examinedfortheeffectoffactorssuchastestingspeed,stressused
forcrazing,sheet-to-sheetvariability,andsoforth.A comparisonof
thedataforcontrolspecimensingroupI oftableIPwithsimilardata
in tableIIIshowedthefollowing:(a)Forallmaterialsthetensile
stren@hobtatiedat 0.25inchperminuteis sign5ficantQhigherthan
thatobtainedat 0.05inchperminute.(b)Forallmaterialsthereis
a sigrdficantvariationh tensilestrengthbetweensheets.

Theeffectontensilestrengthofusingdifferentstressesfor
crazingintreatmentsI andII (tableIV)wasexaminedforthecontrol
specimensandfoundnotsigtiicant.Theanalysisofthesedataalso
indicateda significantsheet-to-sheetvariabilityintensilestrength.

ThecoefficientofvariationCv ofthe.tensilestrengthof
specimensfromthethreesheetsofeachmaterialwascalculatedfromthe
dataforO.O%nch-per-minutetestingspeed.As therewasnotenough
evidenceforthesevaluesforthefourmaterialsbeingdifferentfrom
eachother,theresultswerecombined.A valueofabout5 percentfor
Cv wasobtained.If theeffectofvariabilitybetweensheetsis
removed,anaveragevaluefor Cv of1.2percentresults.

Thecoefficientofvariationinpercentwasobtainedfrom

——— —....————-—- ——— —
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.

where

Inthisequation,standarddeviations is

N numberofmeasurements

ithmeasurement‘i —

F arithmeticmeanof Xi1S

CrazedSpecimens

The data(groupIII, tableIV)foradjacentspecimenssolvent-
crazedalternatelyontheunmaskedandtheinitiallymaskedfaceswere
analyzedwiththefollowingresults:(a)Thereseemstobeno con-
sistenteffectonthetensilestrengthfrommasbng,eitherbetween
materialsorevenbetweensheetsofthesamematerial.(b)Forall
materialsthestandarddeviationofa singlemeasurementoftensile
strengthissignificantlyhigherthanforthecontrols.(c)Shee&to-
sheetvariabilityisnotapparent,probablybecauseoftheincreased
within-sheetvariability.

Inviewofthepreviousresultthattherewasno consistentdiff-
erencebetweenspecimenscrazedontheunmaskedandinitiallymasked
faces,thedatain groupsI andII oftableIVwereanalyzedto determine
theday-t-dayvariabili~ofthetwotreatments.Theresultsofthe
analysisareasfollows:(a)Thereisno evidencethatthetreatmentsI
andII,theformerdesignedtoproducea fewlargecrazingcracks,and
thelatterdesignedtoresultinnumerousfinercracks,dfferwith
respectto theireffectonstrength.(b)Thevariabilitybetweenres+ts
onthesamematerialgiventhesametreatmentondifferentdaysis
(1)affectedby a largedailyeffect(thesameforallmaterials)and
(2)affectedby additionaldailyvariabili~,whichisnotthesame
forallmaterialsandwhichisnotentirelyaccountedforbywithin-day
variability.

.

ThecoefficientofvariationvaluesforthedataingroupsI andII
oftableIVwerecalculatedandexamined.Itwasfoundthatthecoef-
ficientofvariationCv ofthetensilestrengthdoesnotvarysignifi-
cantlybetweenmaterialsorbetweenthetwotreatmentsandisequalon
theaverageto15percent;theday-to-dayvariabilitycontributesroughly
another15percentvariability.Thecoefficientofvariationofthe

..—-
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crazedspecimens,15percent,is significantlygreaterthanthecorre-
spondingvalue,5 percent,forthecontrolspecimens.Thesedatafor
thecoefficientofvariationareh goodagreementwithsimilardata
obtainedintheexploratoryworkdescribedpreviously.

CONCLUSIONS

Onthebasisoftheexperimentsdescribedinthismeportthe
followingtentativeconclusionsmaybe drawn:

1.Whentensilespecimensofheat-resistantandordinary-gade
polymethyl-methacrylatesheetarestress-solventcrazedwithbenzeneti
a controlledmannertoproducecrazingcracksroughly1 mi~eter in
lengthand0..1to0.2millimeterindepthandwitha densd.~ofabout
2 crackspersquaremillimeter,thestrengthisreducedapproximately
30percent.

2.Thecoefficientofvariationofthetensilestrengthofthe
crazedspecimensisapproximately15percentcomparedwithabout5 per-
centforthecontrols.Inaddition,althoughthecrazingwasdonein
a controlledmanner,thereisa dailyvariationin thetreatmentthat
contributesanadditionalvariabilityofroughly15percenttothe
coefficientofvariationforthecrazedspecimens.

3.Thetensilestrengthofa specimenofpolymethylmethac~late,
crazedtotheextentindicatedabove,cannoth predictedfromthe
appearanceofthecrazing.

4.Theuseofacrylicaircraftenclosuresthatcontaincrazingas
severeormoresothanthatdescribedaboveisnotrecommended,if,in
service,tensilestressesnormaltothecrazingcracksexist.

NationalBureauofStandards
Wash@$on,D. C.,September21,19.5’0

. ...—. .--- ——— - -——- -----— -—— -—— —-—- .— —-- -—, —.- —



10 NACATN 2444

REFERENCES

1. Bonza,L.F.: TestsofModel49CabtiWindows.Rep.No.6174,
LockheedAircraftCorp.,May26,1947.

2.Gouza,J.J.: FatigueStrengthandPhysica3
DouglasDC-6Windows.Phys.Lab.Rep.No.
April5,19~9.

PropertiesofCrazed
336,Rohm&Haas Co.,

.—_. . . . . ._— .—.—c — —— ._ _ _ -—_ _ ..—



.

I

. .

TABLEI.-DESOHIl?l!IONOPPOLYMEI!HYIAIBTHAcFmATE ~

Sheet
?Iaterlel ~ Date #’=8 Batchesin Sheetmin *e

eam@e reoalvd (in,) eample
Maeldngpaper Ramarka

-le (in.)

LuaiteH02~ IJ.a 3/119 0.X5’ 1 1 36*48 Bothfaaee

Lucite HC2@ L2a 3/49 .12s , 1 1 ?6by48 —-do——— ——–––—

LuoitaHC201 Lld 9/49 .150 3 3 a36 by 48Onefaoe * Sampletreatedthe acmeae
mat..m+d,for acryl.io-
PO-1 butyral
laminate.

LuoiteHC2CQ L2d 9/49 ,15’0 3 3 ’36by 48—-d~ –~.

Pl@laa I-AP1 ~1-y 1949 .150 — 10 12 byl.2 Hothfaoea —.— .

?lexiglaaII P2 —do--- .1.50 -— 10 1.2by12 -dc+—— ——————

?lexigla~I-A Pla 10/49 .150 3 3 a%bYk8 oneraoeonly9a@e treatedthe e-meae

. materialfor acryUm-
PO-1 b~el
lamlnate.

Jleldglaan P2a 10/49 .1.50 3 3 a%bY48 —-—do———————— 4~—
n-
-.ror oonveruance,sheetsimre cut in two at facto.ly.
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‘TABLEII.- LOS9 OF TENS= STRENOTH~ STRESS-SOLVWFML4ZEDSANTLESOF POIZMETHYLMECHACRYLA~l

I

-,

rMateriel
LuciteHC201

LuciteH0202

PledEks I-A

e

Nm Dates

ample tasted
(2)

L1.a 6/23

L2a 6/8,7/13

P1 6/11,6/7,
6/22

F-2 6/17,6/22
6/23

Cra5edepeoimene3 I Uncrazedepeoimen~ I

ondit>.me for crazhg~

Brmh
strokes

10

10

5

10

Stress
(l:;)

2503

25CQ

2%0

30W

i@cimenE

‘c%Bted

6

8

U

8

eneilestrength
Speclmane’

;Y ET

tested ~

4600 l@x42w 6

4800 llJ.0CM61xl 9

Qm 3800-62~ ~

61XX)440G8300 9

!ensilestren@h

Lverage Range
(psi) (psi)

6900 680&71m

9300 92m-9@3

7.5’m73c&7600

92cm 813(X-9400

%ests were nmde on standti tendle .mecWns, FederalSPectiicationL-P-4@a, Method1OIJ-,-1.
Relativerate of headmotionwas O.@ in./&. Speoimms of L~citeand Pltiglas were 0.12&d 0.13-in. thick,
respectively.

2A.U ~echms testedti 1949. On ‘eaohdate,groupof crazedepec~ns sndgroup of contrclafran same
sheetwere tested.

4Spectienssubjeotedto samelaadingcyclead conditioningtreatmentas crazedepeclmens. P
5A NO. 1 CCUO&L!shair brushwas dippedin be~ene. Central1/4-by 2-in.portionG: one face of spechen ~

was strokedwithbrushwhichwae as wet as posslme withoutdripping. Strokeswere rapeatadat 3- to $sec >

intervalsand brushwas wet beforeeach stroke.

%oad appliedfor .5’min.
G
El

E=

, .



TAHLE III.- TEWLE STREt?3THOF S1’RESS-WLWEt$I’-CRUEJlSPECIMENSOF REPRESENTATIVESAKPLES OF E
*

PoLIMETHYLMETHACRYLATETESTED AT 0.25’INCH PER 141NUTEa

Cra%ed specimenab Umrazed
control epechensc

NBS Stress used
Tensile strength

Material
m.mple fqr crazm

Average tensfle

(~)s;) Average
Percent strength

(psi)
of control (psi)
average ~

Lucite HC201 tid 2000 7,900 92 8,600

Lucite HC202 L2d 30@) 8,3W 77 %0,800

PIEs@las I-A Pla 24(XI 6,8W 76 8,9LXI

PlexiglasII P2a 3cc)o 10,2m 9L 10,9@)

aSti spscimenswere tasted,one from each half of three sheets representti three productionruns.
Tests were @e on standardtend.le spmimens, FederalSpecificationFP-4tia, Mthod 10U, Type I.
Specimenswere conc?citionedat least 3 weeks at 23°G ad ~0-percentrelativehumidi&. Maskhg paper
was removed at least 7 days prior to test. Spectienswere te&cad1 day after they were solvent-crazed.

%enzene in amount of 0.03 to O.@ gram was put on No. 1 canal’B hair brush (about
0,.E&ln.length). Then central.1/4- by 2-in. portion of specimenwas Htrokedrepeatedly
Benzenewasappl~edtosurfacethathadbeenmasked.

O.l-inodiam.,
with brush.

o~bjected to loam comtiOn8 UIId tO ca~e dress-sO1mnt

%intained S min.

‘Five specimens.

crazing.
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I’le.tarial

Tw Iv.- Tm23m 9rmmEor ~vmI+wA2m2mm Ew9 a? EEHmm’rArIv2~or

FamslwYLHEmAoHxumm9mATo.c5 IImlmmuLmF

rmdle Ettmwth of 0- npMim18
9tlnm Uw3 I Avamga te&

for 0r9sJn2 MUM SurfaaeOrued unnebi mrfme m-aced
mtmr@ Of mmruad

‘H’ I ‘&w I ‘Ad I ‘ET I J%%%4?3 I ‘T%!!-omtrdmea-am
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I Figure l.- T.ensfiespecimens of Lucite HC202, sample L2d, crazed on
masked faoe. Series of speoimens on left crazed by treatment II =%$=

(table 3TV and series of specimenE on right crazed by treatment I
)(table IV . Tensile strength in psi is show-nat lower end of each

speclnen. Designations M, IB, and so forth, indicate half-sheet
from which specjmen was taken.
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Figure 2.- Tensile specimens of Lucite H0201, sample Lid, crazed by
treatment II (table IV). Face on which benzene was applied 1s indi-
cated as M for masked and U for unmasked. Designations IA, lB,
and so forth, indicate half-sheet from which specimen was taken.
Tensile strength inpsi is shown at lower ehd of each specimen.
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Figure3.-Tensile s ecimns of Lucite HC202, aqile L2d, crazed by treat-

7ment 11 (table IV . Face on which benzene was applied is indicated as
M for usked and U for unmasked. lksignations IA, I.B,and so forth,
indicate half-sheet from which specimen was taken. Teneile strengbh
in psi is shown at lower end of each spechen.



P
03

Figure 4.- Tensile specimens of Plexiglas I-A, sample Pla, craned by=
treatment 11 (table IV). Face on which benzene was applied is indi-
cated as M for masked and U for unmasked. Designations lA, lB,
and so forth, Indicate half-sheet from which spechen was taken.
Tensile strengbh In psi is shown at lower end of each spcimen.
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Figure ~.- Tensile specimens of Pletiglas II, sample P2a, crazed by =W=
treatmmt II (table IV). Face on which benzene was applied is lnd5.-

oated as M for masked and U for unmasked. Designations lAj lB,
and so forth, indicate half-sheet from which spscimen was taken.
Tensile etrength In psi is shown at lower end of each specimen.


